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M-mode and two-dimensional echocardiographic studies
were carried out on 100 consecutive neonates. infants
and children to evaluate the incidence of left ventricular
chordae or bands. These fibromuscular structures were
noted in 61 subjects and were seen to traverse both the
long and short axes of the left ventricle. Although a single
left ventricular band was usually noted. several subjects
Left ventricular chordae. false tendons or bands are fibro-
muscular structures that traverse the ventricular cavity. These
bands may influence the echocardiographic appearance of
the left ventricular body and outflow tract. and may alter
ventricular shape and. presumably, ventricular function. A
description of false tendons in 5 of 1,000 two-dimensional
and M-mode echocardiographic studies in adults was re-
cently presented by Nishimura et al. (I). This report reviews
the experience in infants and children undergoing echocar-
diographic study. with attention to the incidence and lo-
cation of left ventricular bands.
Methods
Echocardiographic studies were performed on 100 con-
secutive patients presenting to the Division of Pediatric Car-
diology. Ages ranged from 6 hours to 18 years and weight
from I. I to 81 kg. Echocardiographic studies were per-
formed for usual medical indications; patients with clinical
evidence of functional cardiac murmurs who had normal
electrocardiograms were not routinely or systematically
studied.
Echocardiographic studies were performed using a To-
shiba SSH-IOA or SSL-53M scanner with a 5 MHz linear
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had multiple bands. These bands were seen in normal
subjects and in patients with a wide variety of congenital
cardiac lesions. Distortion of left ventricular geometry
was noted in one subject. Identification of these linear
echoes is essential to allow differentiation of left ven-
tricular bands from true anatomic left ventricular out-
flow tract obstruction or septal thickening.
or 2.4 MHz phased-array transducer, and a Diasonics Car-
dio-Vue 100 or Ekoline 5000 scanner with 5 and 7.5 MHz
transducers, respectively. A complete examination to eval-
uate cardiac structure and function consisted of four standard
views: precordial long-axis, horizontal cross-sectional, ap-
ical four chamber and subcostal four chamber. Additional
views were obtained with rotation of the echocardiographic
beam from the usual standard positions.
f'igure I. M-mode echocardiogram from a 5 year old subject
without evidence of heart disease. A linear echo (arrow) runs
parallel to the left ventricular (LV) side of the interventricular
septum (IVS). The left ventricular cavity and ventricular septum
are demarcated.
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Figure 2. Two-dimensional echocardiograms from patients with-
out evidence of heart disease. A, From a long-axis view angled
laterally. The left ventricular chorda extends from the subaortic
region along the interventricular septrum (lVS) to the apex near
the lateral left ventricular wall (LVW). B, A modified apical four
chamber view demonstrating a left ventricular chorda extending
from a muscular base along the lateral left ventricular wall to the
midinterventricular septum. The mitral valve apparatus and base
of the papillary (PAP) muscle are noted. C, An off-angle long-
axis view. Two left ventricular chordae (C) can be seen to cross
the left ventricular cavity. The chorda nearer the apex has a mus-
cular base at its septal attachment. A = anterior; I = inferior;
LA = left atrium; LV = left ventricle; P = posterior; RV =
right ventricle; S = superior.
PAP
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Results
Patients with left ventricular chordae. In an un-
selected series of 100 consecutive M-mode and two-dimen-
sional echocardiographic studies, 61 neonates, infants and
children were noted to have left ventricular chordae or bands.
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Patients demonstrated to have left ventricular bands had an
otherwise normal cardiac examination and functional mur-
murs (Fig. I and 2) and a wide variety of structural cardiac
abnormalities (Fig. 3 and 4). Structural abnormalities in-
cluded muscular and membranous ventricular septal defect,
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Figure 3. M-mode echocardiogram from a 16 year old patient
with previous coarctation repair and aortic valvotomy, showing
residual mild aortic insufficiency. Fine vibratory flutter of a sub-
aortic left ventricular (LV) chorda (arrow) can also be seen.
aortic valve stenosis and regurgitation, coarctation of the
aorta, isolated atrial septal defect, transposition of the great
arteries, atrioventricular defect, branch pulmonary artery
stenosis, patent ductus arteriosus, tetralogy of Fallot,
double-outlet right ventricle and hypertrophic cardio-
myopathy. One neonate with persistent pulmonary hyper-
tension and one infant with Wolff-Parkinson-White syn-
drome and no other evidence of structural disease were noted
to have a chorda.
Types of bands. The majority of subjects had a single
band identified by two-dimensional echocardiography, but
several patients had evidence to suggest that multiple bands
traversed the left ventricular cavity (Fig. 2e, 4A and 4C).
They were noted to occur from the subaortic region ex-
tending to the left ventricular apex, traverse the left ven-
tricular minor axis in proximity to the ventricular septum,
originate from the midseptum and insert into the ventricular
apex or left ventricular free wall near the apex, and traverse
the minor axis of the left ventricle below the level of the
mitral valve. In some instances, there appeared to be a
"muscular" base noted at the point of insertion of the chorda
into the ventricular myocardium (Fig. 2B, 4C). Insertion
directly into a papillary muscle was also found in one patient.
One subject had a left ventricular chorda that appeared
to subdivide the left ventricular cavity when viewed by
cross-sectional echocardiography. This patient, a 16 year
old with previous repair of coarctation of the aorta and
moderate residual aortic insufficiency and stenosis, had marked
dilation of the left ventricle with narrowing of the minor
axis produced by a thick band that traversed the left ven-
tricular cavity and altered the left ventricular geometry. This
patient died from acute bacterial endocarditis and. multiple
myocardial abscesses. At autopsy, several transverse left
ventricular chordae and the "pinching in" of the left ven-
tricular body were noted (Fig. 5). One child with a longi-
tudinal chorda from the subaortic region to the left ventric-
ular apex in an otherwise structurally normal heart was
believed, on the basis of previous M-mode echocardiogram,
to have subaortic narrowing. Another patient with aortic
regurgitation demonstrated fine diastolic flutter of a longi-
tudinal subaortic chorda (Fig. 3).
Band thickness. The echogenicity, and presumably the
thickness of these structures, seemed to vary considerably.
The thickest band was noted in an older subject with severe
and long-standing aortic stenosis and regurgitation. In this
patient, the band appeared to' 'tether" the dilated left ventricle.
Discussion
Pathologic studies. The pathologic recognition of left
ventricular bands dates to the work of Sir William Turner
in 1893. In a series of papers (2-4), he described three
autopsy specimens with left ventricular' 'moderator" bands.
The first subject had three separate bands traversing the left
ventricle from septum to free wall, the longest was 55 mm
and all were less than 2 mm thick. In his second specimen,
the moderator band arose from a conical muscular base 9
mm in diameter and passed from the septum to a muscular
base on the left ventricular free wall. Turner speculated that
"the attachments of this band would without doubt enable
it to exercise a moderating influence on the dilatation of the
cavity" (2). He suggested that such bands may occur more
frequently than currently noted and that the usual method
of sectioning the left ventricle, transfixing it at the base and
cutting downward to the apex, "would necessarily divide
the band and interfere with its recognition." In an autopsy
study report by Engel (5) in 1910, false chordae tendineae
were seen in 50% of cases, substantiating Turner's suspi-
cion. Yet, in a recent treatise on the endocardial surfaces
of the heart, Tucker (6) made no mention of these chordae.
Franck (7) in his description of "atypical diaphragms and
tendon-like fibers of human heart," noted the existence of
transverse left ventricular chordae and speculated on their
embryologic derivation.
Clinical studies. The clinical recognition of these trans-
verse left ventricular bands dates to the description by Hu-
chard (8) in 1893. The genesis of cardiac murmurs from
these string-like structures was reviewed by McKusick (9)
and highlighted in a case report by Roberts (10). In that
case report, a 68 year old man with severe congestive heart
failure was noted to have a grade 3/6 musical murmur before
medical therapy. After diuresis and presumed reduction in
cardiac dilation, the murmur disappeared. At autopsy, a 2
mm fibrous cord stretched from the septum to the left ven-
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Figure 4. Two-dimensional echocardiograms from patients with
structural cardiac disease. A, From a 5 month old infant after
repair of tetralogy of Fallot. Two transverse left ventricular chordae
are noted traversing the midportion of the left ventricle. B, Apical
view in a I week old infant with an atrioventricular canal defect.
A transverse left ventricular chorda is identified. C. Two-dimen-
sional echocardiogram from a 16 year old with severe aortic re-
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gurgitation and previous coarctation repair. A rotated apical view
reveals two thick left ventricular chordae (arrows). The midven-
tricular band had a muscular base at its septal and free wall at-
tachment and appeared to "tether" the ventricle at that point;
distortion of the left ventricular shape is noted. Ao = aorta; MVA
= mitral valve apparatus; PA = pulmonary artery; RA = right
atrium; other abbreviations as in Figure I.
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Figure 5. Transverse section of the left ventricle in the subject
with two chordae (Fig. 4C). The section is taken below the level
of the mitral valve and papillary muscles. Marked concentric hy-
pertrophy is present. One intact band (small arrowhead) is noted
to arise from a muscular base (black arrow) and pass to the left
ventricular wall (LVW). A second thicker band (large arrowhead)
passed in cephalad direction to insert on a muscular base. attaching
to the interventricular septum (IVS). This band was severed during
sectioning.
tricular free wall. Roberts postulated that, despite the con-
genital nature of these bands, to produce a murmur the band
must be pulled taut and located perpendicular to flow in the
left ventricular cavity. Gueron and Cohen (II) described an
infant with Wolff-Parkinson-White syndrome and endocar-
dial fibroelastosis; they attributed a loud precordial murmur
to the presence of a transverse ventricular cord found at
autopsy. One of our patients had a grade 2 to 3/6 ejection
murmur, which was initially believed to relate to a subaortic
stenosing membrane on the basis of M-mode echocardi-
ography. On subsequent two-dimensional echocardio-
graphic evaluation, when the orientation and length of a
subaortic left ventricular chorda was fully identified, chordal
oscillation was observed and seemed to offer a reasonable
explanation for the persistent vibratory murmur.
Angiographic recognition of left ventricular false chor-
dae has not been extensively commented on, presumably
because of their small size rather than their infrequent oc-
currence. Goebel and Schneider (12) reported on a 34 year
old woman with angiographic definition of two string-like
chordae, one the thickness of a Brockenbraugh catheter (2.8
mm), near the apex and between the papillary muscles. In
reviewing 5,000 levograms from their clinic, no other ex-
amples to document the existence of these structures could
be found.
The echocardiographic description of false tendons in
the left ventricle by Nishimura et al. (1) is similar to the
findings in our series. Their incidence of five patients noted
to have left ventricular bands per 1,000 echocardiographic
studies seems to greatly underestimate the actual incidence
of these structures, at least as seen in our pediatric patients
undergoing echocardiography and Engel's autopsy series
(5). This may relate to the retrospective nature of their study
and to the multiple off-axis views taken to define the in-
cidence of these structures and the use of higher frequency
transducers in our study. Also, ease of examination in in-
fants and small children may make precise definition of left
ventricular chordae more feasible.
Implications. Recognition of left ventricular chordae is
important to allow differentiation from echocardiographic
findings due to pathologic conditions. Linear echoes in the
subaortic region, especially if defined only on M-mode
echocardiography, may be confused with subaortic sten-
osing membranes, flail aortic valve leaflets or other anom-
alies of the mitral valve apparatus and septum. In addition,
left ventricular bands traversing the left ventricle along the
interventricular septum from free wall to free wall may
account for artifactual measurements of both septal thick-
ness and left ventricular minor-axis dimension (Fig. I).
Given the wide spectrum of lesions in which these left
ventricular chordae are noted and the large number of sub-
jects with a normal heart in whom they are found, no con-
sistent relation to the findings of a particular type of heart
murmur or abnormality on physical examination appears
possible. However, we did not prospectively study healthy
infants or children with presumed functional murmurs to
define the role of left ventricular chordal motion character-
istics as relates to the genesis of heart murmurs.
Conclusion. Left ventricular chordae or bands can be
defined in more than 50% of pediatric patients undergoing
two-dimensional and M-mode echocardiographic study. These
structures occur in patients with a wide variety of congenital
cardiac lesions and in otherwise normal patients. In some
instances, the structures may be quite thick and exert a
"check-rein" influence on a distended left ventricle. The
effect of this altered geometry on left ventricular function
is unknown. Also a matter of speculation is the role of these
left ventricular bands in the genesis of cardiac murmurs.
Proper identification of these normal linear echoes is es-
sential to allow differentiation of left ventricular chordae
from other structures that cause anatomic left ventricular
outflow tract obstruction or septal thickening.
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